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NON-PLASMA REACTION 
APPARATUS AND METHOD 

Background of the Invention 



[0002] 



[0001] Technical Field 

The presen, ln«mlon generally — - » ~ S ^ " ^ ' 
surface film, and more partiorUrly, ,o a. apparatus and method for performmg a 
no „-plasma chemical reaction to form the surface film. 

10003) Background Art 

l00 04. The «* to con.ro, etching b, hydrogen fiuor.de CHF> to a given thickness of a 
surface layer of a workpiece that has teen adapted for etching is an rmpor, , 
prereguisir* for accurate etching In the manufacture of an integrated croon (,C) The 
rfa e layer oMhe workpiece may he adapted for etching hy forming a surface , aye 
hat is an oxide of the materia, o, .he workpiece. if .he workplece composes s, con or 
::in,um. ,he surface layer o, the workplace may he adapted *r V 
ft. surface layer of silicon dioxide SO , ) or germanium dlox.de (GaO 2 ). Pure 
hyd og=n fluoride (HO may etch the adapted surface layer hyforming gaseous srhcon 
17uor.de „P 4 , The gaseous S, F 4 is very voiatile such .ha. exposing . e surface 
,ayer .o HF readily 4 etches ft. surface layer, .herehy exposing a remaming laye - 
! d e .o etching hy .he H, F.ching to .he given Sickness is difficul. «o con.ro, 
Lose .he formafion o, * 4 condnues until .he surface layer. U the oxrde iaye, 
has been comp.«ely e.ched due to formation and evaporation of S,F 4 . 

,0005, in view 0. ft. need to control the etching thickness when .he adapted surface 
(0005) m view o apparatus and method 

layer of a workpiece is exposed lo HF, there is a neeo .or a 
,„« provides controlled etching of the adapted surface layer with HF. 
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Brief Summary of the Invention 

10006 . T he presen, — - — «* f ° m '" 9 " Se ' H,m " in9 eKhab ' e 



1.0007] 



10008] 



[0009] 



[0010] 
[0011] 

[0012] 



layer on a workpiece, comprising: 

. cha.be, adapt*, (or holding a ~M~ *** » " rf °« ° f *« 
workpiece has been adapted for being etched; and 

a distribution plate wKhin the chamber. wherein the distrfc.rdonP.ate copses a 
„ rs , piurahty of channeis for proving a Ars, fluid ,o flow into the chamber an 
1 e 1 respect ,o an exposed surface of the distribution plate and a second 

*™1 - Priding a second fluid ,o flow into the chamber a, anange 
e wi, respect to the exposed surface o, she distribution plate, and wherein the firs, 

S - *»* - - — ■ p,uraiiw of channe,s a,e arran9 ' d r,n9S ar ° 

a common point of the distribution plate: 

wh erein the firs, fluid and ,he second fluid a,e adapted ,o react inside <be 
chamber to form a soMmitlng e,chable iayet on a portion o, ,he ada P ,ed surface 
layer of the workpiece. 

A second embodimen, of ,he presen, invention provides a method comprising: 



[0013] 



providing a workpiece within a chamber, wherein a surface layer o, the workpiece 
has been adapted for being etched; 

Riding a distribution plate over the workpiece, wherein the distribution plate 

at an an g,e B , with respect to an exposed surface of the distribution 

second p.urali Y of channels for providing a second fluid to flow ,nto the chambe at 

; , with respect to the exposed surface of the distribution plate, and where, 
L first plurality of channeis and the second pluraiity of channeis are arranged in 
tings around a common point of the distribution plate; and 

formi ng a Siting etchab,e .ayer by providing the first and second fluids over 
the adapted surface layer of the workpiece. 



[0014] 



A third embodiment 



of the present invention provides a distribution plate 
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comprising: 

m a a flrs. piurali,, of channels f o, providing a fuse fluid « flow ,n,o a chamber a, an 

angle 6 , with respec. » an exposed surface 0. *e dlstribuflon .** - 
,„„, « a seLnd pluraUt, or channels for providing » -cond fluid to flow into .ha 
100,61 aJ^J^^^-*^^-* - ^^ 
(00 , „ wherein .he firs, pUr-alK, o, channeis and the second pluraiKY of channel are 
arranged in rings around a common point of .Ha disunion pia.a. 

Brief Description of the Several Views of the Drawings 

,00, 8, FIG. , depicrs an exrarioc vie* of a single-substrate-processing non-piasma 

reaction apparatus, according .o embodiments of .he present Invention; 
M1 « FIG 2 depicts a .op interior view of FIG. , after opening a „d of the apparatus and 
' Jng It In a counter-clockwise direction on a longUudlnal axis through a center of 

the apparatus; 

,0020) FIC. 3 depicts a top view of an e,ectros.a.lc chuck of the apparatus; 

,002,1 FIC. 4 depicts a ,ongi.udiua, coss-sectlonal vlewtaken along line 4-4 of FIG. , ; 

100221 F ,C. 5 depicts a cross-seeflonai view .aiten along line 5-5 of FIG. 4 o, a center 

portion of a distribution plate; 
,0023, FIG. 6A depicts a cross-sectional view taken aiong line 6-6 of F,G. 4 of a portion 

of the distribution plate: 
, 00241 FIG. 6B depics FIG. «. wherein three dimension., XVZ axes « auperf rnpoaed on 
.he cross-sectiona, view depicted h, FIG. 6A, taken along line 6-6 of FIG. 4. FIG. 7 
depicts an exploded frontal interior view of the apparatus; and 
,0„ 2S , FIG. 3 depicts a method for forming a sen-limiting enable layer, according ,o 
embodiments of the present invention. 

» 

Detailed Description of the Invention 

10026! TOC pre5e „ t iovention di!C ,„ses an apparatus and method tha, provides controlled 

m.,nmnni.n U/26/2002 
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- ,.H surface layer of a workplace or wafer b V reaction of rhe adapted 
«chln 9 of an adapted su, ace yer ^ ^ ^ ^ 

surface layer «h ammonium blfluonde (NH ; >. ^ 

i:irr « ». — - - * — - 

clprise an oxide .aye, formed by tberma, oxidation or t e,rae,boxys„aoe (T E OS 
Z.n of a portion oftbe surface of tbe worfcplece or wafer. 

surface layer with (NH F ) forms tbe riHMM "enable iayer, (NH 4 2 *V 
,„ , JL —„ etcbln, of an adapted surface layer of a worxpiece 
JL. ,b. IMM lay- *« reduced permeability to HF In .be NH , and HF 

mixture, 

,e„g et a., disclose In commonly assigned U.S. Paten, No. 5.282,925 berein 
incorporated by reference, a method for formation of a sel.-,im„ing e.cha We ye 



ammonium hex.— te. (NH > 2 SiF , . .be, may 
continued exposure to hydrogen fluoride (HF,. resulting In an ab,l,cy to control an 
l ing tblcx ess. in ,en 9 et a,., a surface layer of a silicon wafer Is adapted o be 
UbV forming an oxide layer such as a silicon dioxide (SIO , , layer on t e surface 

- „f t (, 4 cm laver becomes a self-limiting 
of the wafer, in Jeng et al., a portion of the SiO layer oecom 

0ttlieW . , t . A lawpr of Si0 undergoes a non-plasma reaction 

etchable layer when the portion of the layer of 5i0 2 una 

• k*,^ (NH F ) producing the self-limiting etchable layer of 
with ammonium blfluonde (NH I- 2 ), Pro"" » 

(N „ , SiF . and a remaining layer o, unreacted SIO . According ,0 Jeng et A NH 

P 'may be'produced by cbemlc, combination of two (2, moles o, HF and one 0, 
U of ammonia (NH , ,. Hereinafter, -providing a stoicblometrlc number of moles of 
HF to NH needed to form ammonium b,nuuride(NH 5 F 2 r or -providing a 

3 , tin nF HF NH = 2 needed to form NH F " means providing 
stoichiometric molar ratio of HF.NH a ™ 5 2 

two (2) moles of HF and one (1) mole of ammonia (NH , ) » form NH 5 2 

[U02S1 Pure hydrogen fluoride (HF) may etcb tbe adapted surface layer by forming 
gaseous silicon tetrafluorlde (SiF „ ). Tbe gaseous S1F 4 is venr volatile such tba, 

-rnnl A 11/26/2002 
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posing the surface layer to H F readiiy - surface U,yer. * " * 

.aver of oxide .0 e,cfi,ng by « *. Etching .0 the 
difficult ,o con.ro, because Che formation of SiF 4 con«nues unfil «he surface layer 
fire orr.de layer, has been compie.eiy etched due ,o formation and eyaporafion o, 



SIF 4 



10030] 



[002 g, Accords <o Jeng e, a,., .he reaction of HF «h SiO , when in contact w,«h 
' condensed ammonium bifiuofide (NH ; P 2 > is simiiar ,o cfie reacuon ,n a ueous 

. .■ «o + 4HF-SiF H-2H O. However, instead of being released to the 

solution, SlO + 4HF - Mr -r*n 2 -rnduce 

solodon. the IiF 4 product is trapped and reacts within the closed film to produce 
,„ . „ F j ne (nh ) SiF is observed in IR spectra of reacted layers. 
I^:l 6 ,.I aiso^L ,ht presence of the reacted layer. Condensation of NH 

and HF followed by desorption of rhe unreacted excess produces a frequency 
Lciine of i 0, He. corresponding » reaction of 84 A of the several thousand 
angstrom thick layer of NH F that initiaiiy condensed. After beating ,„ INTC there 
,s a ,03 H Z increase of resonant frequency corresponding ,o S8 A of SiO , be.ng 
etched from the adapted surface layer of the silicon wafer. 

Thermal desorption spectra are consistent with SiF „ released upon thermal 
decomposition of .he reacted layer of ammonium hexafiuorosiiicate. The ammon.um 
Hexafiuorosiiicate layer can also be removed by rinsing in a solvent, such as water. 

According to Jeng e. a,., the amount of SIO , which may be etched may be 
con,,o,„d by providing a stoichiometric number o, moies of HF to NH needed Co 
form ammonium b.fiuoride (NH , F , ), i.e. providing a moia, ratio . HF ,0 NH 
, h e gas above .he SiO . surface substantially equivalent .o 2. Pure HF etches , 
wHh no self-.imi.ing process. Ammonia (NH , ) is necessary to form the 
hexafiuorosiiicate product. 
,00321 jeng e. al. disc.oses an appals and method in which ammonium bifluoride (NH 
p ) „apors can evapora,e from an NH F 2 effusion cell, leading to a non- 
Licfiiome,.lc NH _ F on the adapted surface .aver being e.cfied. An objcc. of .he 

present ,„ven.,on ,. »U » «*— - ^ * *"* «" ~*T* 
liar ratio of HF:NH , - 2 needed to form NH 5 F 2 may be substanoafiy unrformly 
and homogeneously provided on *e adapted surface laye, being etched. 

PACEJftt'lMATMpHMM 11/260002 



[00311 



MAY 7 19-04 WED 04:17 PM FAX NO. P. 08 

Page 6 of 3 7 



[00331 



,„ accordant with embodiments of ft. present invention, FIG. 1 depicts an 
eMeri or view of a «H*»1«»* "O"-^" 13 reaCtl ° n aPPara ' US ■ 

z*» - - - ■ - - «*— * - - , du :;:rr 

85 and 87 and a M 90. Tho outer wal, » of the apparatus ,0 may compnsn a surface 
9, . The H 90 eomprises a surface 1 1 3 and a hand!. 95 on the surface 1 .3. The 
apparatus , 0 ma» further comprise a hinge 93, therein a portion 89 o the h.nge 93 
mav he coupled to the surface 9, of the outer wan 8, a portion 86 of the hmge » 
.nay be coupled ,0 the surface . .8 of the M 90. and the portions 89 and 86 may he 
operate coupled .o a r„,a,,n, portion 84 o, .he h,n,e 93. The rotating po«on 84 
o, the hinge 93 may rotate on an axis paraue, ,0 the surface 9, of .he wa.1 . ,n a - 
section o. an arrow 8. .Referring to FIG. 1 . .he fluid feed line 99 passes through the 
M 90 and extends ,o a source of first or second fluid (no, shown) via a remaining 
portion of .he fluid feed line 99 within the apparatus .0 as depleted in FIG. 2 and 
described infra. In a like manner, the fluid feed line 97 passes through the .id 90 and 
described herein and extends to a source of first or second fluid (no. shown) via a 
remaining portion of the fluid feed line 97 within the apparatus 10 as depicted ,n FIG. 
2 and described infra. The manometers 85 and 87 may be used to measure a pressure 
within the chamber 7 due In par, to a flow of the first and second fluids through fluid 
feed lines 97 and 99. The manometer 85 may have a range from about 0-) 00 m„l, 
rorr ,mT) and the manometer 67 may have a range from about O-100 tor,. The firs, 
fluid may comprise. Inter alia, ammonia (NH , ) and .he second fluid may comprise 
|„«r a„a. hydrogen fluoride (HF). The flow o, NH , may be provided .o the flu,d feed 
lme 97 from about 3 to about 30 seem at a pressure from about less .ban ) psi to 
about 40 psi, and a flow of the HF may be provided to fluid feed line 99 from about 
,0 to about 60 seem at a pressure from about less than ) psi to about 5 psi. The flmd 
feed lines 97 and 99 may be alternatively provided with inter alia Argon or N , gas. 

100341 FIG 2 depicts a top view of FIG. , after rotating the apparatus ) 0 in a counter- 
clockwise direction on a lopgitudina, axis through a center of the apparatus .0. such 
that the hinge 93 may bo located at a top back position of the apparatus to. and after 
M. the lid 90 on the hinge 93 of the apparatus 10. Lifting the lid 90. wherein the 
routing portion 84 of the hinge g3 was rotated 1 80 degrees In the direction of the 
arro „ 8, , exposed a portion 66 of a surface of rhe lid 90 tha, may be opposite and 

PAaM5"IMATWmS:10:H™|Ea^ n/26/2002 
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para „e, to ft. surface U 3 of «he lie 90. as depiced In FIG. 1 and 
he exposed surface 66 of the ,.d 90 mayfurther comprise portions of <he flu, M 
L 9 and 99 «a, may pass through ,be lid 90 a S depicted in F.G. , and des nbed 
^.Referring to FIG. 2. a d« plate ,0 having an exposed surface ma 
be o P e,a,ive,y coupUd ,0 «he remaining porrlon (no, shown, of a surface o, ft. H » 
« may be opposite and paraUe, to ft. surface „ S of the M 90. as deprcted . * 
, and described herein. The dilution plate 40 may have been operably coupled «o 
the lid 90 by inserting fasteners through holes 6. 
,0035, The distribution piare 40 further courses T rings, wherein , is a positive integer 
gr ea,er,han or egua, ,0 2. and wherein the rings have been denoted as R (X > . 1 .2. 
,-, o FIG. 2 shows rings 44. 46. 48. and 4. . which are respectively denoted as R 

""„ ' „ and R . The rings R <X - 1 . 2 M ■ » "«" 3 C °" m0n PO, " t 

P „ , 2 poi« 49 in FIG.* on the surface 43 of the distribution plate 40, wherein P is 

irv i ^ ill EachrinqR is totally within each 
within each R for values of X - 1 , 2 • ■ • tacn ring x 

ring R +1 f° r values of X = 1 . 2, (1-1 )- 

l0 „ 36 j Additionally, each ring R „ has a perimeter of length D „ . «C 1 . 2 M ■ '>• -* 

that D <- D < .... <D • corresponding points In rings R , , R 2 " , ore at 

increasing distance J*, comnron point P- Each ring R „ 0C1 . 2 0 ■« any 

geometrical shape such as inter aha. a drcle. an ellipse, a rectangle or a sguare. etc. 

100371 Each ring of the I rings R , . R , R , i« «. * comprises a distribution of 

channels 3 of a firs, type in which «he flrs, fluid may flow, or a distribution o channel 
5 of a second type in which the second fluid may flow. There are n , channels 3 of he 
flr s, type ,n the , rings coUectively. and there a,, n , channeis S of ,h, second * In 
*. , rings collectively. Tbe flrs, fluid from the fluid feed line 97 flows throug the n , 
channeU 3 of the first W e. and the second fluid from the fluid feed line 99 flows 
through the n , channels 5 of the second type, as will be described Infra ,n 
conjunction w4 FIG. 4. A ting that comprises channels 3 o, the firs, - 
„„ o, ,he fit,, ,ype, and a ring ,ha, comprises channels s of ,he second W e ,s calied 
. ring of ft. second ,ype. There are I , rings of ,he firs, ,ype and I nngs of ,he 

u ^ > , i ^1 and 1=1 +1 • Thus the I rings of the first 
second type such that I =#1.1 2 -l.ana ■ } > 2 1 , , e ^ f . ha 

• u fhanr ,,| 5 3 of the first type and no channels 5 of the 
type collectively comprise the n 1 channels 3 ot tne w 
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second type, and the I rings of the second type collectively comprise the n 
hlels of the second tvpe and no channels 3 of the firs, type. F or 
turned. I, - , — h that the , , rings comprise rings R , and R , tespect„e,y 
having n , , and n , , channels 3 of .he firs, type ™* " 2 ' 

5U ch thatVhe , , rings comprise rings R , and R 4 respectively having n and . „ 
channels S of the second type, then n 2 =n „ + n „ .The first subscript, „ 
a „d n identifies the channels 3 of the first type and the first subscript 2 
a „d n ' 3 identifies the channels 5 of the second type. The second subscripts "1 and 
■V of n" and n identifies the channels 3 of the first type in the rings R , and R , 
respectively. The second subscripts V and vr of n 22 and n 2 „ Identifies the 
channels 5 of the second type in the rings R , and R „ . Hereinafter, in the example 
wlth ,=4 assumed. If I -2 such that the I, rings comprise rings R , and R , 
respectively having n ' and n channeis 3 of the firs. type and If I 2 =2 such that 
t he , rings compriselgs R and R 4 respectively having n „ and n „ chan e,s 
of the'second type, then the rings R ,, R 2 . R 3 and R 4 are -alternating rings, in a 
general case where I may be a positive integer greater than or equal to 2, assuming I , 
,| and I +1 =-1, a number of alternating rings having n ^ channels of the first 
typt or n 'channels of the second type Is equal to 1/2. 



10038] 



The I rings of the first type and . rings of the second type may be arranged m 
any order Uh respect to the common point P. As a first examp.e with . assumed to be 
e ven the . rings of the first type and the . 2 rings of the second type may alternate 

such that 1 1 ~1 , wherein the 1 1 ring, of the first type comprise rings R y . R 3 

r and wherein the 1 , rings of the second type comprise rings R 2 . R 4 * , • 

As'-* second example with I assumed to be odd. the . , rings of the first type and the , 
rin9 s of the second type may aiternate such that « , -I , + 1 . wherein the . nngs of 

2 „c u r R and wherein the I , rings of the second 

the first type comprise nngs R . R 3 k ana wn 2 

type comprise R , R 4 third example with , assumed to be even, th I 

Tings o, the firs 2 , we may exist ,n consecutive rings and the I 2 rings of the second 
' may likewise exist In consecutive rings such that . , =. 2 .wherein the I , rings 

. . a d R and wherein the 1 , rings of the 
of the first type comprise rl ngs R t ■ V" 1/2 ' 2 , „ 

t n d R . As a fourth example with I assumed to be 

Zhe t; * - £ - J - - — *• " n8S and ,he ' * "" 9S of 
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, MW likewise exist in consecutive rings such that . -I +1 . "herem 
the second type may hkew.se exist \ and wherein the 1 

A,., rings of the first WP* comprise nngsR,.^ (I+1)/2r 

rings of the second type comprise R ( , +1)/2+1 - R (i+ ,)/2+2 ' . , n 
2 * A hP ndd the I rings of the first type may ex.st in 

— ' aBUro ;; rir^'of the second type ma, — * 

- " n95 I' 1 t i T wherein the - , rings - - - *- «^ 
T .'J ~ the , 2 ring* of the second «vpe comprise R 
rings R ,R 2 K (|-i)/2 2 

(l-D/2+1 • O-D/2+2 I' 

utt ,„ g h denote the number of channels in ring R x (X=l . 2. .... »• «- -P« » . 
the p( J« invendon comprise, sever., spec,, cases ** respec, ,0 the number and 
distribution of channels In each ring. In a firs, specla, case, N „ increases 
Jo oronlcallv as o „ Increases. -N* increases monolonicaii, as D x increases mean 
N aiwavs increase's D „ Increases, in a second special case. N „ increases about 
lU as D increases. In some embodiment for example, N x is In a range of 
about 20 ,0 a'bout 72. In a third special case, the channels in each ring are 
animate,, uniform., spaced aparf. in some embodiments a spacing elwe 
accent channels o, uniformly spaced channels in a ring may be ,n a range of. mter 
alia, about 0.0875 inches to about 0.1 04 inches. 

Ref e rr ,og ,o M. 2, lifting the lid 90, wherein the rotating portion 8 4 of the hinge 

„ exposing a chamber 7 of the apparatus ,0. The chamber 7 of the apparatus ,. 
JL comprises a chamber wall 9 having an outer surface » — 
, , A portion 101 of the fluid feed line g7 ma, be located in the wa» 9. The wall 
ma, further comprise a portion 102 of the fluid feed line 99. 

I004 " Referring to FIG. 2. the chamber 7 further comprises an upper annular ring 103 
located such that a space o, gap ,07 exists between an edge 1 09 of the upper 
annlr ring 1 03 and the Inner surface , 1 of .he chamber wai, 9. The upper annul c 
Z 03 ma, e made from po„te,ra,luocoe,h„ene or flooded ..h,ene propylene 
72 Tenon-, acetal homopolyme, resin moduied with DuPont™ Kev1„. resin sue 
a oelrlh., polyimide materials such as Vespel- or Altymld-, poiyetherim de m,er,a,s 
such as Ultem-. P0„a„late such as Aide,-, polycarbonate such as Lexan , hard 
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coated aluminum, stainless ««e, and combinations .hereo,. 

comprises an e,ec„.s.a,ic chuck ,10. wherein .he electrostatic chuck 1 10 nc,u « a 

helium g « and holes - 20 foe wafer supper, pins. The electrostatic chuck 110. 
- d an . accent chuck because ,. elect— on, a sUicon wa ec. 

The temperature or .he wafer cna, ba maintained fcocn annul .o abou. 00 C. 

F1 C.3dap i c, 5 a«opvi«wo,c h aela rt co S ««ccb U cM10»fF.C. 2 .fur t bar 
comprising a surface oc a sandw,cb 1,9 ,h=, may .Cade a ceppa, shea.h sanded 
p^een an upper and lower layer of Kapton cape. 

po,y,mld, cape. Applying a voltage from abouc 0 ,0 abou, 2.000 v„„s DC to the 
ur L or ft. sandwich „ 9 may result in couinmb attraction Cha. may a«ra« a wafer 
,„ *. surface 1 1 9. The electrostatic chuck device may be obtained from Applied 
Materials. Inc.. 30S0 Sowers Avenue. Santa Clara. CA 950S4-3299. U.S.A. 

RG 4 depict, a css-sectlonal view raken a.ong line 4-4 of PC. 1 . wherein the 
apparatus 1 0 further comprises the distribution plate 40. operativeiy coupled ,0 the 
U 00. wherein the surface 43 of .he disrribuclon plate 40 faces away from the „d 90 
and the surface 42 of .he distribution place 40 faces .oward .he lld 90. The 

ibutlon P ,a,e 40 may be operatively coupled to the lid 90 because the flu.d feed 
„„, g 7 has passed .hrough the surface „ 3 as depicted in F,C. 1 and desenbed 
Herein, and has been operative* coupled .0 a cavlty or groove 33 abutting the surface 
4 of .he distribution p,a.e 40. and to the n , channeis 3 of the first type. - deputed 
in FIC. 2, and described hereb, FIG. 4 furfher depicts the fluid feed line 99 after t has 
passed through the surface 1 1 3 as depicted in FIG. 2 and descried herein, and has 
„een operatively coupled .0 a cavity or groove SS abutting the surface 42 of the 
dMW. P.- 40. and ,0 the „ , channels S of .he second type. * depicted in FIG. 
2 and described herein. The fluid feed line 97 provides the flrs, flu,d to the cavdy or 
ro ove 33 and rhe n , channeis 3 0, .he flrs. type and the fluid feed line 99 pr„v,des 
L second fluid to the cavity or groove S3 and the n ^ channels S o, ft. second W pe. 

100441 The surface 42 of ft. distribution plate 40 may Include a groove 1 21 between .he 
ch anne,s 3 and S. wherein the groove 1 21 may furfher comprise a bottom wail 54 
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u tl .tO 078 in The groove 1 21 may include an o-ring or equivalent seal 123, 
be at least 0.078 in. ne y the fl 

u ^ ,eal 1 23 may prevent commingling of the first and secona 

7 without pre-mixmg. o-rmgs o^m 

■ Th* A-rina or eauiva ent seals 1 23 may be 
the fluids in each ring R v from mixmg. The o ring or equ.v _ 

n l - — -7: ■ 

ac «al homopolymer resin modified with DuPont" Kevlar- res,, such as Del.m . 
T „ L such as Vespel' or Altymid-, polye.ha.irr.ide ma«er,als such as 

sec „„ci fluids may be sent ,0 rings „ » , . . s . - - « 2 • » ^channels 3 and 
,«„ectively) so that as the first and second fluids respecvely ex,, the channels 
respect,vely> so ma „, ti, s , and second fluids until they enter 

5 of each ring, there is no commingling of the first and 
the chamber 7 through the channels 3 and 5 of each ring. 

apparatus 10 further comprises a workplace 30. wherein a portion 32 of .he 
workpiece 30 has heen adapted for being etched, and a remaining portmn , has not 
I p.ed. The workpiece 30 may comprise any semiconductor matana such a 

I or germanium. The adapted surface layer 32 may he formed by ox,d,a„on of 
icon or germanium using any appropriate method of oxidation. 
alp.ed surface faye, 32 o, .he workpiece 30 may be an oxide ormed from 
lllthoxvsilan, (m» or alternatively from therma, oxidation. The wo*p,ece 30 
mav be held in place by the electrostatic cbuck 110. 

A self-limiting etchable .aye, 50, bavin, a surface 26, comprising ammonium 
I w((NH 1 SiF ). has been formed from a portion of .he adapted 

:r r z z& * — ■ — — 57 r r ed 

Irt B has become imperious to etching by the firs, or second fluid, such a 
Z en fluoride (HF), because ,h, remaining portion 37 has been protec - from 
I HF by the self-limitinc, layer so, as disclosed by ,eng e, a,. ,n U.S. Patent 
5,282,925, described herein. 

100471 A thickness of the sei, iimi.lng layer 50 may be controlled, wherein a change of I- 

0 

. . * ■« r\t it* c\ oaoi _o 1 1 /26/2002 
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in a temperature of the workpiece 30 equals a 17 A etch rate change/minute, wherein 
the etch rate is directly proportional to the increase In temperature, in the 
temperature range from about -10 to about 90'C. A temperature controlling device 
180 such as, for example, an aluminum cathode may be provided to maintain the 
temperature of the workpiece 30 within + /-1«C in the range from about -10 to about 
90-C. The apparatus 1 0 further comprises a base flange 34 for supporting the 
temperature controlling device 1 80. The chamber wall 9 may also be provided with 
heating or cooling lines 1 04 to maintain the chamber wall 9 from about -10 to about 



90"C. 



[0048] Prior to forming the self-limiting etchable layer 50, the distribution plate 40 has 
been aligned over the adapted surface layer 32 of the workpiece 30. Hereinafter, 
"aligning the distribution plate 40" or "centering the distribution plate 40" or "the 
distribution plate 40 has been aligned" over the adapted surface layer 32 of the 
workpiece 30 means the center 1 63 of the cavity or groove 33, the center point 49 on 
the surface 43 of the distribution plate 40, the center 1 of the apparatus 1 0, and the 
center 1 65 of the workpiece 30 are located as points on a line 56, wherein the line 56 
may be orthogonal to the surfaces 42 and 43 of the distribution plate 40 and the 
adapted surface layer 32 of the workpiece 30. The center 1 of the chamber 7 may be 
found at an intersection of transversal lines 57. The center 49 of the surface 43 of the 
distribution plate 40. and the center 26 of the workpiece 30 may be determined to be 
at an Intersection of the respective transversal lines. 

[0049 ] in addition to aligning the distribution plate 40 prior to forming the self-limiting 
etchable layer 50. the distribution plate 40 may be positioned a distance T from the 
adapted surface layer 32 of the workpiece 30. In an embodiment of the present 
invention, the distance T from the surface 26 of the adapted surface layer 32 of the 
workpiece 30 to the surface 43 of the distribution plate 40 Includes from about 1 /8 
in. to about 3 Ki In. 

[0 ° 501 The chamber 7 of the apparatus 1 0 further comprises: the surface or sandwich 

119 of the electrostatic chuck 110; the upper annular ring 103; the cathode insulator 
!05; and the lower annular ring 125, containing a plurality of exhaust holes 1 27 for 
distributing an exhaust flow provided by a vacuum pump, such as a turbo pump, 
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through the exhaust port 83. Referring to FIG. 4. in an embodiment of the present 
invention, an exhaust flow that originates from the exhaust port 83, as depicted in 
FIG. 1 and described herein, may be distributed through the plurality of exhaust holes 
1 27 of the lower annular ring 1 25, resulting in a uniform or homogeneous 
atmosphere of reactive fluids over the workpiece 30 in the chamber 7. Hereinafter, 
•'reactive fluids" include the first fluid, the second fluid, wherein the first or second 
fluids may be ammonia (NH g ) or hydrogen fluoride (HF) and ammonium blfluorlde 
(NH F ) and combinations thereof. Providing the reactive fluids over the adapted 

surface layer 32 of the workpiece 30, as a uniform or homogeneous atmosphere, 
forms the self-limiting etchable layer SO that includes layers made of materials such 
as ammonium hexafluorosilicate ((NH 4 ) ? SiF & ), that may become impervious to 
continued exposure to hydrogen fluoride (HF). Such imperviousness is the basis for 
the layer 50 being a self-limiting etchable layer. When the exhaust flow from the 
exhaust port 83 is distributed through the plurality of holes 1 27 in the lower annular 
ring 1 25, instead of through a single exhaust port, it was determined that a pressure 
of at least 4 torr may be provided without causing a concentration gradient of the 
fluids in the atmosphere, as may result if the lower annular ring 1 25 consisted of a 
single port, because the selHimiting etchable layer 50 had a uniform thickness. In 
another embodiment, providing the space or gap 107 between the upper annular ring 
103 and the inner surface 1 1 of the chamber wall 9 restricted the exhaust flow from 
the exhaust port 83 and Increased a concentration of the reactive fluids over the 
adapted surface layer 32. such that a change of VC equals a 1 7 A of etch rate 
change/minute, when the workpiece 30 was maintained at a temperature from about 
-10 to about 90'C, and while operating at a pressure of at least 4 torr. In some 
embodiments, for example, the space or gap 107 may be a distance from the edge 
1 09 of the upper annular ring 1 03 to the inner surface 1 1 of the chamber wall 9 and 
may be at least 3/8 in. Referring to FIGS. 3 and 4, the workpiece 30 may be supported 
by lift pins that may be inserted through holes 1 20 of the surface 1 1 9 of the 
electrostatic chuck 1 1 0. The distribution plate 40, the o-rings 1 23, the upper annular 
ring 1 03, the cathode insulator 1 OS and lower annular ring 125 may be made from 
polytetrafluoroethylene or fluorinated ethylene propylene such as Teflon®, acetal 
homopolymer resin modified with DuPont- Kevlar* resin such as Delrin*. polyimide 
materials such as Vespel* or Altymld*. polyetherimide materials such as Ultem®, 



PAGE 15115 • RCVDAT 5/1912004 5:00:54 PMjEastem Daylight Time] * SVR: USPTO -EFXRF-1 /I * DNI S: 8729306 * CSID:* DURATION (mm-ss):05-10l -0... 1 1/26/2002 



